Patients' self-monitoring of BP is cost-effective and well-tolerated. 9 However, using home BP measurements requires careful follow-up on the part of both patients and health care providers.
Patients must take, record, and communicate their BP measurements, either on paper or, more recently, through web-based interfaces, either of which may present significant challenges for the elderly or medically underserved populations. Thus, there is a critical need for an easier and more reliable means to accurately record and communicate home BP measurements between patients and health care providers.
To facilitate HTN diagnosis and treatment, we developed an mhealth solution, a custom-built bi-directional SMS-based (short message service or texting) platform. In previous work, we have shown that bi-directional texting is effective for collecting home BP measurements. 10 In this study, we examined whether using the home BP measurements collected via bi-directional texting and subsequently incorporated into patients' electronic medical records would lead to treatment calibration and improved BP management.
| ME THODS

| Data collection
This study was a two-armed randomized controlled trial. Patients were recruited from the University of Iowa Internal Medicine Clinic between December 10, 2015, and August 23, 2016; data collection was completed on July 31, 2017. We approached patients with a previous clinic BP reading of >140 mm Hg (SBP) or >90 mm Hg (DBP) recorded in their electronic medical record during the previous 6 months. Exclusion criteria were as follows: lack of a cellphone with text-messaging ability, unwillingness to send BP measurements via text, active or acute mental health problem, F I G U R E 1 CONSORT 2010 flow diagram significant cognitive impairment, lack of fluency in speaking or understanding English, and pregnancy. Patients signed consent forms and were enrolled in private clinic rooms. Patients were randomized by choosing one of two envelopes, with group assignment obscured. Half were randomized to the intervention group, who collected home measurements based on reminders and reported via bi-directional texting, with the remaining half randomized to the control group, with home BP measurement reporting via MyChart (an Internet-based web-portal connected to the patient's electronic medical record), mail, phone, or fax. Patients in both groups were provided a home BP monitor (Omron Upper-Arm BP Monitor, Series 5) and were shown how to use it. All were asked to return the BP cuff at the end of the study and were compensated $20 when the cuff was returned. This study was approved by the
University of Iowa Institutional Review Board (#201509761). A
CONSORT diagram for this study is shown in Figure 1 
| Power analysis
Our primary outcome was the difference in the changes in SBP over 6 months. A randomized trial of a pharmacist-delivered intervention suggests a 12-month reduction in SBP between the intervention group, and usual care is approximately 5.7 mm Hg with a standard deviation of approximately 18 mm Hg. 11 Based on these values, to have 80% power at 95% confidence for a two-sample t test, we would need 157 participants per group. Because our study is comparing BP at 6 months and not 12 months, we increased this number by 10% to account for a potentially smaller change in BP during the shorter interval and by an additional 20% to account for dropout and loss to follow-up. These adjustments indicated approximately 430 participants would be required.
| Data collection for texting group
A research assistant recorded the patient's cell phone number through the bi-directional-texting administrative interface. Patients selected 7 morning and 7 evening times that were convenient for them to measure and send BP measurements. We chose this number because the literature recommends that 12-14 home measurements, with morning and evening readings, may be needed before making a diagnosis of hypertension. 12 After the patient left the clinic, at the pre-specified times and dates, the bi-directional-texting system sent the patient a text message with specific instructions such as "Please remember to check your BP this morning at 7am! Reply to this message with your BP and time it was taken." The patient returned a short text with his/ her BP measurements and the time they were taken: for example, "150/90 and 145/88 7am" If the patient did not respond to 7 morning and 7 evening BP requests, reminders were sent to the patient until 2 weeks elapsed. Once the pre-specified number of measurements (seven days' worth of measurements) were received or 2 weeks had elapsed, a summary document was generated with BP measurments and sent to the patient's physician.
| Data collection for the control group
Patients randomized to the control group were also instructed to return 7 morning and 7 evening BP measurements. They were asked to choose a method for returning BP measurements.
Methods included entering their BP measurement in MyChart,
calling the clinic, mailing, or faxing their BP measurements to their physician.
| Data collection from the electronic medical record
We obtained the following information from the patient's medi- 
| Statistical analysis
| Number of BP readings collected
The number of readings was aggregated by patient. We used the percentage of total potential readings to compare the propensity to report any readings, at least 14 readings, at least seven readings in the morning, at least seven readings in the evening, and at least seven readings in the morning and at least seven readings in the evening. We also compared the percentage of patients who returned readings by each of the different methods. We compared the propensity to report the readings using a Pearson chi-squared test.
| Number of medication changes
The number of medication changes for each patient between enrollment and 180 days after enrollment was counted. The addition of a new medication, discontinuation of a medication, or change in dose of a medication all are considered to be a medication change event.
Note, switching between two drugs of the same class counted as two events-a discontinuation and a starting event both occurred. We compared the mean number of medication changes and the mean number of medication changes among patients with any change between the two groups using two-sample t tests. We compared the percentage of patients with any change between the arms using a chi-squared test.
| BP measurement
We computed the change in BP for each patient between the initial baseline visit and the visit closest to 180 days and compared whether the change in BP was greater in the intervention group compared with the controls using a two-sample t test. Because of the wide range of times of visits labeled as "6 months" in our data, we conducted a sub-group analysis using only visits between 150 and 180 days after enrollment.
| RE SULTS
A total of 430 patients were recruited. At baseline, the two groups were similar, except for a difference in age and payer type, Table 1 .
Controls were, on average, 7.6 years older than those in the intervention group, a difference that was statistically significant (95% CI for the mean age difference between the intervention group and the controls: 5.2-9.9 years). Consequentially, the rates of public insurance were different (P = .006) due to the larger utilization of Medicare among the controls. For other factors (sex, race, marital status, BMI), the intervention and control groups were similar.
The mean SBP and DBP measurements taken from the electronic medical record that determined eligibility did not differ significantly between the intervention and control groups (P = .11 and 0.77, respectively). The mean number of days from the triggering reading to enrollment was also similar (P = .62). At enrollment, mean systolic BP was slightly higher (142.3 vs 138.9) in controls (P = .03) but there was no statistically significant difference in mean DBPs (P = .97) or rates of BP control (P = .15). The mean time until the "6-month" visit did not significantly differ between the groups (P = .84).
| Number of BP readings collected
Patients randomized to report readings using text messaging were much more likely to report the requested measurements (see Table 2 ). The intervention patients were much more likely to report at least one home BP reading (94.9% vs 52.1%, P < .0001).
Additionally, they were more likely to report 14 or more readings Table 3 ), and there were no statistically significant differences among the groups (P = .21). 
| Number of medication changes
The summary of medication changes is in Table 4 . The mean number of changes was 1.46 (95% CI 1.21-1.70) in the intervention group and 1.53 (95% CI 1.28-1.77) among the controls. Differences between these means were not statistically significant (P = .69). After conditioning on having at least one change, there was also no statistically significant difference in the sub-group means (P = .37). Finally, the proportion of patients within each group with at least one change did not differ between the two arms of the study (P = .69).
| BP measurement
Average BP readings that triggered enrollment at baseline and 6 months are shown in Figure 2 . The average BP readings at baseline and six months, as well as the results of the hypothesis tests, are shown in Table 5 . There was no significant difference between the mean readings at baseline and 6 months for SBP (P = .66) or DBP (P = .85). As our model defines the "6-month" measurement as the measurement taken the greatest number of days after enrollment with a maximum of 180, the actual timing of the measurement was variable (range 0-180, mean of 124.0 days from enrollment).
Restricting the definition of "6 months" to the range 150-180 days did not alter the results, showing no differential change in means between the groups for SBP (P = .41) or DBP (P = .37). Considering only patients who were not controlled at baseline also reveals no effect for SBP (P = .56) or DBP (P = .42) 150-180 days later. BP control at six months also did not differ between the intervention and control groups: 89 (60.1%) of the participants assigned to the intervention group had controlled BP compared with 97 (62.2%) of the controls (62 intervention and 55 control participants lacked a 180-day BP).
| D ISCUSS I ON
Our bi-directional texting intervention was successful in terms of collecting home BP measurements compared with the control group:
95% of patients in the intervention group returned at least one BP measurement, compared with only 52% of patients in the control group. In addition, 72% of the intervention group submitted at least 14 readings, compared with only 45% of the control group. However, we found no evidence of increased BP-medication changes or improved BP management in the intervention group. Specifically, we found no statistically significant difference in the mean number of BP-medication changes at 1, 3, or 6 months compared with the control group nor did we detect any statistically significant difference in BP management.
Although we did not observe a difference in BP control between groups, BP improved for patients in both the control group and the intervention group, and these changes were clinically significant. , where patients were instructed to text their BP measurements. However, providers had to login to a separate website to obtain the measurements. They found that systolic BP decreased by 15.5 mm Hg in the texting group versus 11.9 in the control group, but this difference was not statistically significant. 18 Systolic BP in our study decreased a little more than in Carrasco, but our results, like theirs, were statistically insignificant.
Our results are subject to limitations. Beyond our control group not representing standard of care, our pragmatic approach did not require patients to return for a final research-related interview. Thus, we were limited to using only BP measurements from the patients' medical records. Accordingly, we did not get 6-month clinic-based BP measurements for many patients (only 64 patients in the intervention group and 60 patients in the control group had BP measurements recorded between 150 and 180 days after enrollment). Thus, by relying on usual care for follow-up, we effectively reduced our sample size and our ability to detect a difference in BP control. Additionally, the reports were returned soon after the patient's clinic visit, and most patients did not return to the clinic soon after the readings were recorded in the chart. So, the report may not have been at the forefront of the physician's mind when the patient returned for a follow-up appointment, and our 6 months of follow-up might not have been long enough to measure many medication changes. Also, although all patients had elevated BP, many were close to control. Future research should include only patients with uncontrolled BP on the baseline visit who require the most intense interventions. Finally, this study was conducted before the new AHA/ACC guidelines were published so providers were not as likely to focus on a goal BP <130/80 mm Hg. 19 These lower BP goals will require additional strategies to achieve BP control.
Our bi-directional-texting intervention successfully collected BP measurements and sent them to the patients' physicians. BP reduction occurred for both the intervention and control groups during the study period. However, BP was not reduced more for the intervention group, nor were they more likely to be controlled or have medication changes than the control group. Thus, even minimal interventions-loaning patients' home BP monitors and instructing them to return their measurements-may improve BP control.
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